1.

Introduction
Mercury pollution is one of the most pressing environmental problems [1] [2] [3] . Widespread use of mercury and its compounds as well as devices containing mercury in manufacturing, scientific research, medical, educational and household measuring devices in the absence of effective control system resulted in mercury pollution going far beyond the specific chemical plants and its current almost universal occurrence, including homes, schools, and kindergartens. Therefore, the impact of mercury on human body remains topical. Moreover, mercury being a neurotropic poison makes the effect of its low doses on the nervous system an urgent issue [4] . Low doses of mercury primarily affect the nervous system causing numerous neurological diseases and quite often presenting as other diseases [5, 6] , hence the relevance of further neuromorphological researches aimed at finding drugs to prevent neurointoxication caused by small doses of mercury.
The aim of the study was to identify the morphological characteristics of neurons and neuroglia in spinal ganglia of rats receiving antioxidants in the presence of small doses of mercury (II) chloride.
Materials and methods
The study was conducted on 100 white Wistar rats weighing 160-180 g (at the beginning of the experiment). Experimental animals were divided into 5 series (10 groups) with 10 animals in each group (Table 1) . Animals received standard vivarium (animal facility) diet with natural alteration of day and night and had free access to drinking water. All procedures were performed in accordance with the ''Regulations on the animal use in biomedical research'', the U. The first series comprised intact animals receiving saline solution instead of drugs administered in other series: control of short-term exposure (10 injections) and control of long-term exposure (50 injections). In the second series 10 injections of mercury (II) chloride (group of short-term neurointoxication) and 50 injections (group of long-term neurointoxication) were performed. In the third series 10 injections of unithiolum (2,3-dimerkaptopropansulfonate sodium, Russia) were performed after short-term and long-term neurointoxication. In the fourth series 10 injections of thiotriazolinum (morpholinium-3-methyl-1,2,4-triazolyl-5-thioacetate, Ukraine) [7] were performed after short-term and long-term neurointoxication. In the fifth series 10 injections of mildronate (3-(2,2,2-trymetylhydraziniumyl) propionate, Latvia) [8, 9] were performed after short-term and long-term neurointoxication. All substances were injected daily intraperitoneally with insulin syringe: normal saline -0.5 mL, mercury (II) chloride (0.3 mg/ 100 g of weight), unithiolum in a dose of 50 mg/kg of weight (5%, in 5 mL ampules), thiotriazolinum -100 mg/kg (2.5%, in 2 mL ampules), and mildronate 50 mg/kg (in ampules 500 mg in 5 mL).
Samples from experimental animals (spinal ganglia L2-S1 from both sides -12 ganglia) were obtained two weeks after the completion of injections under thiopental anesthesia (35-40 mg/kg). Perfusion-fixation was made with 4% paraformaldehyde through the left ventricle of the heart [10] . Harvested ganglia were fixed with 2.5% glutaraldehyde and postfixed using 1% osmium tetroxide.
Semi-thin and ultrathin sections were made following the standard technique from small fragments of spinal ganglia on ultratoms LKB-3 and LKB-8800 (Sweden) in longitudinal and transverse projections. The semi-thin sections were stained with toluidine blue, analyzed and photographed, using Olympus %M51 microscope having appropriate software. Ultrathin sections were contrasted by 2% solution of uranyl acetate for 15 minutes and solution of lead citrate for the same time according to Reynolds ES [11] . They were examined and photographed in the electron microscopes PEM 125K and EMV 100B (Ukraine).
Morphometric study was conducted with the image analyzer: microscope Olympus BX51 with digital camera C4040zoom and personal computer. Metric characteristics were evaluated with software UTHSCSA Image Tool ® for Windows ® (version 2.00) interactively. The number of gliocytes that were localized around one neuron (direct contact between cells) and percentage of intact myelinated nerve fibers (without visible damages of axon and myelin sheath structure) were expressed as mean and standard error. Statistical analysis was conducted using Statistica 4.0 (Statistica Inc. USA) and MS Excel programs. Changes between groups were assessed using the parametric Student t test after confirming the normality of distribution. Changes with significance level over 95% ( p < 0.05) were considered reliable. 
3.
Results
In all control animals spinal ganglia consisted of neurons, satellite cells, nerve fibers and connective tissue with blood vessels. Ultrastructure of neurons, neuroglia and myelinated nerve fibers was similar to that described in literature for intact spinal ganglia. Noticeably swollen soma and processes of nerve and satellite cells, expanded and fragmented granular endoplasmic reticulum, increased content of free ribosomes, swollen mitochondria, and distended Golgi complex cisternae were observed in all the studied ganglia following short-term administration of mercury chloride (Fig. 1) . Nerve fibers were characterized by distorted myelin structure, and swollen mitochondria with partially reduced cristae (Fig. 2) . The number of gliocytes surrounding the neuronal soma and the average number of unchanged myelinated nerve fibers decreased (Table 2) .
Long-term administration of mercury chloride led to volume reduction of granular endoplasmic reticulum in cytoplasm of neurons and satellite cells, with almost no ribosomes present in its membranes (Fig. 3) . Swollen structural components of the Golgi complex, increased number of secondary lysosomes, and swollen mitochondria were detected as well. The average number of unchanged myelinated nerve fibers was lower than at the previous term. Most of the myelin sheaths were fragmented, with Schwann cells characterized by degenerative changes. The number of gliocytes surrounding the neuronal soma remained unchanged comparing with the previous term. 
Use of unithiolum after short-term administration of mercury chloride
Swelling of soma and processes of nerve and satellite cells was not noticeable, expansion and fragmentation of granular endoplasmic reticulum, swelling of mitochondria and expansion of Golgi complex cisternae were observed, however not as often as in the second series. The number of free ribosomes was moderately increased. Nerve fibers were characterized by disrupted myelin structure and swollen mitochondria. The average amount of unchanged myelinated nerve fibers and number of gliocytes surrounding the neuronal soma was lower than in control, but higher than in the short-term neurointoxication without treatment ( Table 2 ).
3.2.
Use of unithiolum after long-term administration of mercury chloride
Cytoplasm of nerve and satellite cells demonstrated reduced volume of granular endoplasmic reticulum, with its membranes containing moderate number of ribosomes. Swollen Golgi complex components, increased number of secondary lysosomes, and swollen mitochondria were detected as after use of unithiolum after short-term administration of mercury chloride (Fig. 4) . The average amount of intact myelinated nerve fibers and number of gliocytes surrounding the neuronal soma was the same as after use of unithiolum after short-term administration of mercury chloride, however significantly higher than in long-term neurointoxication without treatment. Some myelin sheaths were fragmented, but most of them retained unchanged structure.
3.3.
Application of thiotriazolinum after short-term administration of mercury chloride Swelling of soma and processes of nerve and satellite cells was not noticeable, expansion and fragmentation of granular endoplasmic reticulum, swelling of mitochondria and distention of the Golgi complex cisternae were less pronounced than in the third series. The number of free ribosomes was moderately increased. Nerve fibers were characterized by disruption of the myelin structure and swollen mitochondria as in the third series (Fig. 5) . The average number of unchanged myelinated nerve fibers was lower than in control, and similar to that in the third series ( Table 2 ). The number of gliocytes surrounding neuronal soma was higher than in all other series.
3.4.
Application of thiotriazolin after long-term administration of mercury chloride Reduced volume of granular endoplasmic reticulum was found in nerve and satellite cells cytoplasm. Its membranes contained moderate number of ribosomes. Swelling of the Golgi complex, increased number of lysosomes, and swollen mitochondria were detected as earlier (Fig. 6) . The quantity of gliocytes surrounding the neuronal soma was lower than in all other series. The average amount of intact myelinated nerve fibers was the same as at the previous term, but significantly higher than in short-term neurointoxication. The structure of most nerve fibers revealed no changes.
3.5.
Use of mildronate after short-term administration of mercury chloride
Swelling of soma and nerve and satellite cells processes was not noticeable, expansion and fragmentation of granular endoplasmic reticulum, and expansion of Golgi complex cisternae were significantly less pronounced than in the control, but a little more pronounced than in the third and fourth series. Unlike the third and the fourth series the swelling of mitochondria was less pronounced. The number of free ribosomes was moderately increased. Nerve fibers were characterized by disruption of the myelin structure and swollen mitochondria as in the fourth series. The average number of intact myelinated nerve fibers was lower than in control and in the third and the fourth series ( Table 2 ). The number of gliocytes surrounding the neuronal soma was higher than in the first-third series, but lower than in the fourth.
3.6. Use of mildronate after long-term administration of mercury chloride Cytoplasm of nerve and satellite cells demonstrated reduced volume of granular endoplasmic reticulum, with its membranes containing a moderate number of ribosomes. Swelling of soma and nerve and satellite cells processes was not noticeable; expansion and fragmentation of granular endoplasmic reticulum, and expansion of Golgi complex cisternae were significantly less pronounced than in the control, but a little more pronounced than in the third and the fourth series. Unlike the third and the fourth series the swelling of mitochondria was less pronounced. There were no changes in the number of gliocytes surrounding neuronal soma comparing with control. The average amount of intact myelinated nerve fibers was the same as in the control, higher than in other series, but lower than in the previous term. The structure of most nerve fibers has not undergone any changes (Fig. 7) .
Discussion
Mercury compounds are hazardous for health worldwide [12] . Mercury has a large variety of toxic effects that depend on the form of the compound, routs of its uptake and individual characteristics of the organism. Mercury exists in metallic, inorganic and organic (methyl) form [13] . Inorganic mercury has been found in medications, dentistry, cosmetic products and industry [14, 15] . Despite having a limited ability to cross cell membranes [16] , inorganic mercury accumulates in the nervous system after long-term exposure, disrupting neuronal homeostasis [17] . That is why the majority of studies described in literature were performed in chronic experiments [18] , although some non-neuronal toxic effects of mercury had been studied in subchronic conditions [19] . In our study, we have also chosen 50 injections to study the characteristics of long-term neurotoxic effect of mercury. However, in order to detect changes in the nervous system resilience and its ability to recover after the cessation of short-term mercury exposure we have also assessed the studied parameters 10 days after the onset of neurointoxication.
The swelling of soma and processes of nerve and satellite cells after short-term administration of mercury chloride were shown. Synthetic and energetic processes in these cells, and structure of nerve fibers were impaired. After long-term administration of mercury chloride pathological changes increased. These changes seem to be a response of nerve tissue to hypoxia resulting from toxic effects of mercury ions and products of lipid peroxidation.
Long-term occupational exposure to Hg could be one of the risk factors for increased lipid peroxidation and increased mortality [20] . Physical and chemical properties of mercury and its interaction with biologically active sites pertinent to transport across the blood-brain barrier, increased lipid peroxidation, and oxidation of proteins and DNA in the brain, induced by mercury and its salts, appear to be important factors in neurodegenerative diseases [21] . These data were obtained by biochemistry methods. In our study, we used electron microscopy to study morphological changes in spinal ganglia not only in case of neurointoxication by small doses of mercury, but also after pharmacological treatment.
Chelating agents, combination therapy with different chelating agents and specific nano-sorbents can help in the management of mercury poisoning [22] . Chelation in longterm mercury intoxication may accelerate metal excretion and diminish metal concentration in some tissues [23] . However, the new protocols for the treatment of poisoning, potential therapeutic efficacy in terms of decreased morbidity and mortality for long-term metal intoxication remains to be established [24] . It is known that mercury poisoning causes oxidative stress [25] . It is also known that mildronate can influence in vivo the b-oxidation of fatty acids, inhibiting the uptake of acylcarnitines and depleting the intramitochondrial pool of carnitine, which is substituted with cytosolic mildronate [26, 27] . We have not found any information about the use of mildronate for the prevention or treatment of mercurial intoxication. In our study, we have used this drug with antioxidant properties in toxicological experiment for the first time.
It is known that influence of mercury blocks thiol groups in the body [28] . Unithiolum and thiotriasolinum, being antioxidants, also contain thiol groups that are donated in metabolic processes in the cells of the body. Currently there are no literary data on the use of Thiotriasolinum in poisonings by chemicals, including mercury. In our study, we used Thiotriasolinum to treat intoxication with small doses of mercury for the first time.
Prevention of toxic effects of small doses of mercury leads to enhancement of tissue reparative processes in spinal ganglia. Influence of unithiolum and thiotriazolinum was alike and more effective in synthetic processes restoration, whereas mildronate was more effective in restoring energetic processes.
Our data indicate that the effect of mercury chloride is not limited only to the damage of neurons and glial cells, but also to their processes, and leads to damage of the myelin structure. Thiotriazolinum administration is the most effective means of bringing this process back to normal.
The effect of the mercury chloride leads to disruption of the interaction between neurons and satellite cells. Thiotriazolinum and mildronate work more effectively in normalizing this interaction in the short-term neurointoxication, and mildronate alone in chronic process.
Our observations coincide with studies in vitro. The use of mildronate in concentration of 10.0; 1.0 mg/mL has revealed a wider range of safety and efficacy on cell line IMR-32 in conditions of mercury chloride use [29] . Thiotriazolinum has also demonstrated safe and efficacious impact on the cell line IMR-32 [30] .
Conclusions
Our data show that unithiolum and thiotriazolinum action decreases morphological manifestations of mercury chloride toxic effects on spinal ganglia of rats. Both medications restore the structure of neurons and neuroglia, especially ultrastructure of granular endoplasmic reticulum, which suggests activation of synthetic processes. Mildronate also restores cell ultrastructure, but has more pronounced effect on mitochondria of neurons and satellite cells, which indicates upregulation of their energetic processes.
